First Observations at PHENIX of W Production from Polarized pp Collisions at RHIC
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Motivation for Spin Physics with s at RHIC

o Key measurement of spin program : flavor separated, polarized PDFs Aii(x) and Ad(x)

e Semi-inclusive polarized DIS experiments (SMC, HERMES, COMPASS) have made such measurements

e STAR and PHENIX can do it exploiting maximal-parity violation in W production in polarized pp collisions
Measurements made at high scale (M7, > 6000 GeV?)

No uncertainty from fragmentation (couplings of W well known), no higher twist effects
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Motivation for Spin Physics with s at RHIC

e Sensitivity to polarized PDFs

(a) . . .
Prﬂtﬂﬂ hEl]C]t}r =" Pl‘ﬂtﬂn hEllClty —_n_n by tak|ng d|ﬂ:erence In W

A production rates when incom-
\\Tx]} {' ﬂm{xﬂ / irlmg proton helicity changes
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\ (a) u always left-handed :

Y g U . probed in polarized proton
(b) d always right-handed : Ad

Proton helicity ="+" Proton helicity ="-" probed in polarized proton
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\df{ﬁ} /V dx)) //{' e For W=, Au(x) and Ad(x)
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Central arm measurement pp — W — e probes PDFs at :
M,
(r12) =~ —= exp(Lyw) =~ 0.16
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Motivation for Spin Physics with s at RHIC
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oW~ A o Au(zy)d(xs)(1 — cos0)? — Ad(z1)d(x2)(1 + cos §)>
o W DAL x Ad(mi)u(zs)(1+ cosb)? — Au(ar)d(z2)(1 — cosh)?
e For W', —0.35 < 1, < 0.35, measure combination of Ad and Au
e For W—, —0.35 < 1, < 0.35, measure combination of Au and Ad
e yy can not be determined unambiguously from y!* at mid-rapidity :
1|1 9 My . ~ M .
Y% = g + yw , where g, = =In LOSA , PR "W ing = —Wsin(ﬂ — 0
2 1 —cosb 2 2

e Irreducible uncertainty in sign, P}" # 0 either, extraction of Atu(z), Ad(z) not trivial

)
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RHIC : World’s Only Polarized Proton Collider

e Run 09 : Longitudinally polarized pp at /s = 500 GeV/c (Mar.17-Apr.13, 2009)

e Peak Luminosity in 2009 : £ =6 x 103! cm1s7! (LDesign = 2 X 10% cm™?s71)

e Average Polarization : (P) = 0.39 & 0.04 (measured with C CNI polarimeter, calibrated with H jet)
o Integrated Luminosity for this analysis : [ Ldt ~ 17.2 pb~!

Absolute Polarimeter [I-II___le*t} — RHIC pC Polarmeters
- _ 2
5 BRAHMS & PP2PP

-

(longitudinal polarization)
Solenoid Partial Siberian

5 4— Helical Partial Siberian Snake

200 MeV Polarimeter” * J +AGS Internal Polarimeter
REDipole "~ AGS pC Polarimeters

Strong AGS Snake

e Up to 120 bunches in each ring, crossing every 106 ns, helicity of pairs ++, +—, —+, —— alternates rapidly
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PHENIX Central Arm Spectrometers

PHENIX Detector

e Electromagnetic calorimeter (EMCal)
finely segmented :

A¢ x An ~ 0.01 x 0.01
e Calibrated with M., of 7 at high pr

s PbGl

Acrogel
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West Beam View East

e 6 B 10 12 14 16 18
pt (GeVic)

= + +
= Focus on pp = W= + X = = + X' e Tracking : Charged tracks measured in
e Detect high E ¢* in central arms of PHENIX Drift Chamber (DC) and Pad Cham-

e Acceptance of each arm : rapidity |n| < 0.35 ber(PC1)
(70 < 6 < 110), Ap =7/2 o [ B-dl=0.78 Tesla-meters

e Vertex cut : |z| < 30 cm
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Find the s
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e Can't identify W = e + v, definitively on 5
event-by-event basis 3 “
e Like UA1 and UA2 : looking for excess of & ol
events above background : g
(R. Ansari et al. (UA2 Collaboration),
Phys. Lett. B186, 440 (1987)) . L”
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Find the s
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Backgrounds : Reducible and Irreducible

e Can't identify W = e + v, definitively on event-by-event basis : rely on excess of events
over background

e Reducible Backgrounds : Collision-independent

Cosmic rays
Beam related backgrounds (fragments, halo, scattering upstream)
Timing cuts reduce by more than factor of 5

e Backgrounds : Collision-dependent

7, n = ~, or direct-y : conversion ¥ — eTe™ vyields cluster + matching track
h*+hadronic shower in EMCal : cluster + matching track
70 or direct-y with accidentally matching track from other fragments

e lrreducible Backgrounds

Irreducible in the sense they pass our cuts (high energy cluster+matching track)
Charm, bottom = e*+anything

Other W decays : W = 7+ v, = ev, v, 1;, detect e

Z/~v* = e + e, detect one e, other outside acceptance

Z = €' + e rate significant compared to W~ = e~ + 1,

Z production comes with a small parity-violating asymmetry
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Analysis Strategy

e Trigger : EMCal 4x4b tower sum

Nominal threshold 7.5 GeV & 2 T omuene oiins
Fully efficient above 12 GeV 1t -— 1 %
No vertex requirement 0.8 S
e For high energy cluster in trigger 6_ _.
module : look for matching track  °<4f -
in DC and PC1 oz -
e Extrapolate track back : S R S e L '1\:5' 4296 s
apply vertex cut |z] < 30 cm Pt (G=W)
e Peak collision rate > 2.5 MHz
e Crossing rate ~ 10 MHz
=> Significant prob. of > 1 collision/crossing
High collision rate : Pileup in calorimeter and tracking detectors
e Timing cut based on event time in EMCal : -10 ns < Tyt < 20 ns; helps removes

background from pileup and cosmics
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Charge Separation : e" ore™ 7

L. . gausgon
e Must distinguish W+ = e + v, from g

6_ ““““

W= =e +r. ,++magneticfield

e Momentum and charge determined in DC

E-Y
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e Acceptance cuts on DC; remove tracks too
close to wires to resolve L/R ambguities

(15%)

= Charge sign determined with high confi-
dence

reference circle
R =220 cm

DC West Arm

e Angle at DC wrt infinite momentum track : ® Momentum resolution da/av = dp/p

a = 100 mrad / qxP[GeV/c] e At 40 GeV/c, op ~ 40% x p

e 40 GeV/c track = o ~ 2.5 mrad,

e Poor momentum resolution : only loose cuts
da ~ 1.1 mrad

on E/p possible
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Charge Separation : DC Performance

e 17 zero B runs were taken : all tracks nominally have bend angle a = 0
e Beam shifts in (z,y) affect determination of «
Use A to measure offset of beam wrt DC
e Correction to v from motion of beam center is applied ( beam shifts £300 um)

e Note that beam o,, o, are = 200 pum

| (east) alpha-(0.000378*sin(atan(-y/x))+-0.000471*cos(atan(-y/x))) | 55.91/14 ‘ S Sl e 8 A A e S e 5 At
Prob 6.043e-07
900 Constant 789.1+ 12.0 £0.02
= [=A 0L
E Mean  -2.678e-05 + 1.311e-05 = F
800— : [
c Sigma  0.001027 + 0.000014 0.015—
700— =
= 0.01—
600— =
= 0.005—
500— =
C 0—
400 =
= -0.005—
300— -
= -0.01—
200 -
E -0.015—
100 =
E| 1 1 1 1 1 -0-02 1 1 L1 | 1 L1 1 I L1 L1 | 1 L1 1 I 1 L1 1 | L1 L1 | 1 L1 1 | L1 L1 | L1
0501 -0.005 0 0.005 0.01 5 10 15 20 25 30 35 40 45
pt
Lero-field howing dav of k Track bend I f DC EMCal
ero-rie run showing o« O tracks rac end angile & O Versus pT

e ja =~ 1.1 mrad = charge separation is robust (< 2% of e™ contamination in ™)
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Matching of EMCal Clusters with Track

dedphi {(abs{dcdphl)<0.02&&dcmom>0&&ert>0&&ecore/dcmom<28&tof>-10&&tof<20&&abs(recz)<30)"(pt>8)} htem p

Entries 31073

- Mean 0.0001277

— RMS 0.005593

1800 — 22 | ndf 456.3 1 82

— Prob 0

1600 — po 67.05 = 1.16

o p1 1625 = 14.3

1400 — p2 4.472e-05 = 2.011e-05

- p3 0.002867 = 0.000020
1200 —
1000
800
600 —
400 —
200 —

0 ; Ll L1 1 1 1 1 1 1 L1 1 1 I 11 1 1 I L1 11 I 11 1 1 L1 1 1 L1 1 1 11 1
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
dcdphi

e A¢ between EMCal cluster and track extrapolated from DC and PC1

e Keep candidates with |A¢| < 0.01 radians (no match required in Az with BBC)

e Contribution from accidental track-cluster matches extracted from tails

e Accidental match fraction consistent with PYTHIA-4PISA simulation
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Matching of EMCal Clusters with Track with E/p cut

e Traditional e identification cuts not so useful at these high energies

o RICH threshold of 4.7 GeV/c for 7= : requiring RICH won't eliminate high E hadrons
e Shower shape cut normally gives X2 hadron rejection at lower energy, not easy to estimate at high £

o Best cut left is F//p - but loose to keep signal, reflect fact that p resolution is poor

| lead.dphi {lead.isBadTower==0&&lead.isBadSM==08&Iead.ecoro>108&abs(lead. zvertex)<40} | h2

Entries 14153
Mean -1.681e-05
RMS 0.00652
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.015 -0.01 -0.005 ©0 0.005 0.01 0.015 0.02

e A¢ [rads| between EMCal cluster and track extrapolated from DC and PC1, for cluster > 10 GeV
e Black curve : without F'/p cut

e Red curve : with E'/p < 3 cut, significant reduction in accidental cluster-track matches
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Analysis Results : Raw Spectrum + Matching Tracks
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e EMCal clusters after fiducial cut, bad tower cut, versus energy

o Matching track in DC and PC1 found, |z| < 30 cm
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Analysis Results : Raw Spectrum + Matching Tracks + ToF + E/p
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e EMCal clusters after fiducial cut, bad tower cut, versus energy

o Matching track in DC and PC1 found, |z]| < 30 cm

e Cut on event time : -10 ns < Tgyent < 20 ns, reduces cosmics, pileup
E/p<?2
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W Event in PHENIX Central Arms

Eeene | 6558402
Hagasts Tield: 180 0%

Zelerian L BOHE

Leading Particle info.
pT~ 45 GeV/c

e™ 33 GeV

AgpEL slaneq

e IV event in PHENIX, after many years !
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Signal and Background Expectations

3 Y 3 .
%10 = Ith — NLO QCD 7" (WV) %10 = — NLO QCD 7 (WV)
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Events with Positive Charged Track Events with Negative Charged Track
e W prediction from RHICBOS (P. Nadolsky and C.P. Yuan)

e QCD backgrounds high : rely on low photon conversion rate, low hadronic shower rate
e Charm-+Bottom— e+anything relatively small
o W = 7+ v, = ev.v,;U;, high endpoint, but many body decay

e / significant background for W~ measurement,
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Comparison of Data with Background Estimation

1 1t Raw counts (Negative Charge)
L (EMCal cluster associated with track)
. — Data driven BG estimation
e (10-20GeV assumed to be all BG)

T

.+ Raw counts (Positive Charge)
| (EMCal cluster associated with track)

L — Data driven BG estimation 3
= {10-20GeV assumed to be all BG) i ]
— BG+PYTHIA {normalized) — BG+PYTHIA (normalized)

@ PHENIX ) e PH ENIX
ot Preliminary ;iﬁ: Preliminary
ﬂ*fﬁjf# HfHJrrF ]L[
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counts

counis
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||||| T
||||IT|

=
=
'IIIIII T

-

=TT

10 20

To determine background under signal region (30-50 GeV) :

o Take measured 7 + ~ spectrum X conversion prob + accidental matching track ® ac-
ceptance

e Add charged hadrons (NLO) ® detector response (GEANT) + e* from FONLL c/b decays
e Normalize h® component so total background matches data in range 10-20 GeV

e Black histogram : background estimate; largest component from 7 + ~, h* slightly less
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Extracting the Parity-Violating Single Spin Asymmetry A!Y

e Best measurement of AV requires different cuts than best measurement of
olpp =W = ev)

e For A" want to increase purity of signal wrt background (which would otherwise dilute
asymmetry)

e Spin-independence of cuts important,
determining absolute efficiency of cut to high precision is not

e Use an isolation cut since physics predicts e candidates from IV are isolated :

Require (sum of EMCal energy for neutral particle) 4+ (sum of momentum)
overlapping cone about e candidate of 0.5 rads < 2 GeV

(minimum E > 0.15 GeV, 0.2 < pp < 15 GeV/c, latter reduces fake tracks)

Cut on DC tracks |a| < 1 mrad to reduce charge mis-identification

e Net effect is to keep > 70% of signal, reduce background approximately factor of 5
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Effects of Isolation Cuts : Negative Charge

1] =
= — =
3 _ Negative charge
10° = . + EMCal cluster associated with track
5 “~ + Isolation cut (E___<2GeV)
102 & ++ +++ PENIX
= ++ .
- T
L t =
Prelimina
10 # JDF"JF_ J{ -
. ATy
P+
:IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 10 20 30 40 50 60 70
pT[GeWc]

e Black points = before isolation cut
e Red points = after isolation cut

e Background reduced by factor of 5
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Effects of Isolation Cuts : Positive Charge

£E E
8 F ) Positive charge
10° 5 + EMCal cluster associated with track
= * - Isolation cut (E___ <2GeV)
10% £ " ”+++ H ENIX
[ +
e + 4
- Jrf ++._|. Preliminary
10¢ JrH i_-} i _ljf
| T
:I. | B — J - I. - Lol I. - J || — J - - I. | N —
0

10 50 30 a0 50 60 70
pT[GﬂWc]

Bkgd Signal

e Black points = before isolation cut, Red points = after isolation cut
e Net effect is to keep > 70% of signal, reduce background by x5

e For asymmetry analysis, define Background Region (12-20 GeV/c)
e For asymmetry analysis, define Signal Region (30-50 GeV/c)
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Extracting the Parity-Violating Single Spin Asymmetry A!Y

e Denoting positive beam helicity by + and negative by —, A} is defined :

o(Pp=W)—o(pp=>W)
o(Pp=W)+ao(pp=W)
1 N*(e)/L5 — N=(e)/ £
PN*(e)/L+ + N-(e)/L-

Ap

Q

e Here IV is the electron yield, £ is integrated luminosity, P is luminosity-weighted polar-
ization

e Get one measurement treating “blue” beam as polarized, averaging over “yellow” beam
e Get second measurement treating yellow beam as polarized, averaging over blue beam
e Ideally we'd do this as function of 7(e) but statistics are too limited

e Going from n(e) to n(W) from central arm measurements best done in global fit

e Asymmetry extracted using all helicity combinations with maximum-likelihood method
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Extracting the Parity-Violating Single Spin Asymmetry A!Y

e Can extract asymmetry using all helicity combinations with maximum-likelihood method

e Denoting beam polarization by P, raw asymmetry by e so e = AP :

o~ (1+APg)(1+ APy)o
ot =~ (1 + APB><1 — APy>O'
o " ~ (1—APp)(1+ APy)o

!

o = (1 — APB)(l — Apy)O'

e Use likelihood function to find best value of raw asymmetry ¢

__ | spinfit_logsum p 30_50GeV | hh
| spinfit_logsum p 30_50GeV | h2 Entries 0
Entries 3200 Mean -0.3167
Mean x 0.0001489 0.001— RMS 0.1014
Mean y -0.3167 B
RMS x  2.219¢-05 B
RMS y 0.1014 B
0.0008 —
0.0006—
0.0004—
0.0002—
%107 B
2 022 B
1 III|IIII|IIII|IIII|IIII|III Ll
7 0412 97 <08 05 04 03 02 -01 0 0.1

+ Projection of (¢,0) onto € axis for 30 < pr < 50 GeV

Likelihood scan of (¢, o) for 30 < pr < 50 GeV for e n

for e
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Parity-Violating Single Spin Asymmetry A;(pp — W — e™)

e Preliminary result, using Pg = 0.38 £ 0.04 and Py =040+ 0.04 (6P/P = 9.2%)
e Raw asymmetry in background region (12-20 GeV/c) consistent with 0 : e3Xed = (0.035 4= 0.047

raw

o Raw asymmetry in signal region (30-50 GeV/c) inconsistent with 0 : e>gnal = (.29 £ 0.11

raw

e A; = % X €aw X D, correct for dilution of Ay by Z and QCD background (D = 1.11 4+ 0.04)

Ar(pp — Wt —et) = —0.83 + 0.31

A W' - e* (ly_|<0.35)

— — DS max . &
- oll—orsved L. Preliminary
- | =— OMNS milin
| —— D35V
[ | = GRSV val
-0.2 o —
- I—
0.4 :
I ® 30-50GeV/c range
06 <P>=0.39+0.04
- dilution 1.11:0.04
-0.8 :_ ®

11 11 | 1111 | 1 111 | 1 1 1 | 11 1 1 | 1 11 1 | 1 111 | 1111
ll'.l 23 30 35 40 45 50 55 60
B, conmen

PH ENIX P_ [GeV/c]
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Near Term Future : /s = 500 GeV pp Run in 2011

e Expectation is for [ L£dt = 50 pb™! (no vertex cut, & 25 pb™! after cut), P = 50%

e Major upgrade of muon arms for pp — W — p + v, in forward region
(See Yoshi Fukao's talk tomorrow)

e Some changes to central arm during shutdown : HBD removed, Si VTX installed (!),
maintenance on DC and PC

A W' > e* (ly |<0.35)

] =l | | DNG max
Increased rate of conversions expected, &~ 3 L ,[|— orsvaua l ...... +
. . . = OGNS min
(but can eliminate many with cuts) E—nssl.r |
o [p—— I
Acceptance partially reduced for |z| > 20 cm o2
by VTX components :
_ _ o _ DA—
Expect improvements in efficiency of isola- L
tion cut 0.6
L
DC and PC maintenance should lead to in- ”'_
creased detector active area -
1 1 NETETETE FTE T AT N AT INETA N AT INT T
Factor 2 reduction in 0 Ay over Run 9 R T T T S A

P, [GeVic]
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Near Term Future : /s = 500 GeV pp Run in 2011

A, W e (ly | <0.35)

0.8
Sk
g | |— oMsSma
- | —— GRSV
0.6~ | — ows min
| | — pssv
L | —— GRSV vai
0.4
- I
0.2 |
QF=-sssssscscsnscssnnannas ..-- ............
0.2
-II]IIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

20 25 30 35 40 45 S0 55 60

p. [GeV]

e Ar(pp — W~ — e7) challenging measurement

o Will require 300+ pb~! and 70% polarization if we can get it, and optimal detector per-
formance
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Summary and Outlook

e Developed analysis techniques to isolate W — e signal above backgrounds
e Clear evidence for W= — e* at |n| < 0.35 in PHENIX central arms

e Preliminary determination of single-spin parity-violating asymmetry :
AV(pp - WT —et) = —0.83 & 0.31

: . . . - L
e Analysis underway for cross-section estimates, final A~ determinations

e Upgrades will help refine analysis, add acceptance and new physics channels :

Si Barrel vertex detectors in PHENIX central arms

Muon arms : RPCs + muon trigger upgrade : W — i signal 1.2 < |n,| < 2.2

e C-AD getting closer to design luminosity at v/500 GeV, =~ 40% polarization
o Will need 300+ pb~! integrated luminosity, 60% polarization to meet goals of program
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